The inhalation of conidia of Blastomyces dermatitidis, a fungus found in soil, causes disease in humans and animals. We studied the genetic diversity of this pathogen by extracting DNA yeasts and analyzing them with a polymerase chain reaction (PCR)-based typing system we developed, which used restriction fragment analysis of amplicons from the regions between the rDNA repeats and allowed us to class isolates into 3 major groups. Strains were further differentiated by use of PCR fingerprinting with 3 different primers. Fifty-nine isolates collected over 35 years from 15 regions (United States, India, Africa, Canada) were analyzed. Genotypic groups A, B, and C contained 17, 23, and 19 isolates, which were divided into 5, 15, and 12 types, respectively. All 16 isolates from North America in group A were from the upper midwestern United States or Canada, whereas 0 of 20 isolates from the southeastern United States were in group A. Studies of the largest collection from 1 locale (Eagle River, WI), revealed that the soil isolates studied were not responsible for the majority of cases in this outbreak, as previously proposed, and that 11 strain was present in the environment and in patients. Overall, these results provide a tool for the epidemiological study of blastomycosis and illuminate the genetic and geographic diversity of this important pathogen.
Blastomyces dermatitidis is a thermally dimorphic fungus that produces mycelia and forms aleurioconidia at 25ЊC; at 37ЊC it takes the form of a broad-based budding yeast. This organism is an ascomycete and has a teleomorphic (sexual) form, Ajellomyces dermatitidis, found in microfoci enriched with animal excreta [1] . It is isolated from soil with a geographic distribution that overlaps that of Histoplasma capsulatum. Human disease is acquired by inhaling conidia, which causes local pulmonary infection, often accompanied by extrapulmonary dissemination. It has been shown that B. dermatitidis is not transmissible from person to person [1, 2] . The disease also has been reported in dogs, bats, and sea lions [2] .
The aim of the present study was to assess the genetic relatedness of isolates of B. dermatitidis collected over a 35-year period. We examined a collection of well-characterized isolates of this organism from the United States and representative isolates from India and Africa; they included those from known trifuged (10 min at 13,000 g). The supernatant was decanted into an Eppendorf tube containing 1 mL of 100% ethanol. This was mixed by inversion and centrifuged (10 min at 13,000 g). The supernatant was discarded, and the pellet was washed with 70% ethanol, dried, resuspended in 0.5 mL of TE (10 mM Tris-Cl, 1 mM EDTA) containing 1 mg/mL DNase-free RNase (Boehringer Mannheim, Indianapolis), and incubated at 37ЊC for 1 h. The DNA was reprecipitated with an equal volume of isopropanol, and the pellet was dried and resuspended in TE.
Genomic restriction fragment length polymorphisms (RFLP).
Approximately 3 mg of the cellular DNA was digested with 20 U of restriction endonuclease in the appropriate restriction buffer overnight at 37ЊC. The restriction endonucleases assessed were EcoRI, HindIII, BglII, PstI, CfoI, TaqI, and DdeI (Boehringer Mannheim). The DNA fragments were separated through a 0.8% (wt/vol) agarose gel in TAE buffer (40 mM Tris-acetate, 0.2 mM EDTA, pH 8.3) for 20 h at 2 V/cm and visualized by ultraviolet transillumination after ethidium bromide staining.
Southern blots. The cellular DNA was digested and separated by agarose gel electrophoresis as described above. The DNA fragments were then transferred to positively charged nylon membranes (Boehringer Mannheim) by a vacuum transfer apparatus, according to the method outlined by the manufacturer (785 Vacuum Blotter; Bio-Rad, Hercules, CA). The DNA was fixed to the nylon membrane by incubation at 120ЊC for 1 h and then hybridized with a digoxigenin-labeled PCR-generated probe (see below) under highstringency conditions. Hybridized probes were detected by means of antidigoxigenin antibody, which was visualized by chemiluminescence according to the manufacturer's protocol (CSPD; Boehringer Mannheim).
Generation of probes for Southern blots. The template DNA used in the PCR generation of these probes was from a randomly chosen B. dermatitidis strain (strain V, ATCC 26199). Primers were used that span representative regions of B. dermatitidis DNA that encodes for ribosomal RNA (rDNA). Probe 1 (primers for ITS1, 5 -TCCGTAGGTGAACCTGCGG-3 , and ITS4, 5 -TCCTCCG-CTTATTGATATGC-3 ) extended from the 3 end of the 18S rDNA to the 5 end of the 26S rDNA and included the 5.8S rDNA, as well as the 2 intergenic transcribed spacer regions ITS1 and ITS2. Probe 2 (primers for NS1, 5 -GTAGTCATATGCTTGTCTC-3 , and NS2, 5 -GGCTGCTGGCACCAGACTTGC-3 ) extend from the 5 to the 3 ends of the 18S rDNA and include the majority of the 18S rDNA. Probe 3 (primers for ITS4RC, 5 -GCATATCAA-TAAGCGGAGGA-3 , and BD28SRC, 5 -GTCGAAACCGACG-CTGGCCC-3 ) extend from the 5 to the 3 ends of the 26S rDNA and include the majority of the 26S rDNA. Probe 4 (primers for BD28S, 5 -GGGCCAGCGTCGGTTTCGAC-3 , and NS2, 5 -GGCTGCTGGCACCAGACTTGC-3 ) extend from the 3 end of the 26S rDNA to the 5 end of the 18S rDNA. This large probe (∼5.5 kb) incorporated the 5S rDNA and the large intergenic regions between the rDNA repeat.
Digoxigenin-labeled probes were generated by PCR with specific primer pairs by use of a PCR Dig-Labeling mix (Boehringer Mannheim) of nucleotides, which results in the incorporation of digoxigenin-11-labeled dUTP into the amplicons. DNA was amplified in the buffer supplied by the manufacturer of the DNA polymerase (Expand High Fidelity PCR system; Boehringer Mannheim) in a 100-mL volume containing 1 mM primers, 1.5 mM MgCl 2 , 2.6 U of DNA polymerase, 200 mM dATP, 200 mM dCTP, 200 mM dGTP, 130 mM dTTP, and 70 mM digoxigenin-labeled dUTP. The reactions were done by use of an automated thermal cycler (GeneMate; LabLine Instruments, Melrose Park, IL). DNA samples were denatured by incubation for 3 min at 94ЊC. This was followed by 10 cycles of 94ЊC for 1 min, 60ЊC for 1 min, and 72ЊC for 1 min, followed by 20 cycles of 94ЊC for 1 min, 60ЊC for 1 min, and 72ЊC for 1 min, with an addition of 20 s for each elongation per cycle. The PCR was completed with a final elongation step of 7 min at 72ЊC. Amplified DNA was purified by means of a commercially available kit (Wizard PCR Preps; Promega, Madison, WI). The amplified DNAs were used as probes for hybridization on the Southern blots.
PCR RFLP. Primers for this PCR were the same as those used for the generation of probe 4 used in the Southern blots (above), which resulted in amplicons extending from the 3 end of the 26S rDNA to the 5 end of the 18S rDNA. DNA was amplified at high stringency in the buffer supplied by the manufacturer of the DNA polymerase (Expand High Fidelity PCR system) in a 50-mL volume containing 1 mM primers, 1.5 mM MgCl 2 , 2.6 U of DNA polymerase, 200 mM dATP, 200 mM dCTP, 200 mM dGTP, and 200 mM dTTP. The reactions were done with use of an automated thermal cycler (GeneMate). Temperature and time cycling parameters for the PCR were the same as outlined above for the generation of probes for the Southern blot. Amplified DNA was purified by a commercial kit (Wizard PCR Preps). Ten microliters of the resultant amplicon was digested with restriction endonucleases at the recommended temperature overnight. The restriction endonucleases assessed were EcoRI, HindIII, BglII, PstI, CfoI, TaqI, and DdeI (Boehringer Mannheim). The DNA fragments were separated through a 2.1% (wt/vol) agarose gel in TAE buffer for 2 h at 10 V/cm and visualized by ultraviolet transillumination after ethidium bromide staining.
PCR fingerprinting. To subdivide genotypic groups further, a PCR fingerprinting (random-amplified polymorphic DNA) method was used as described elsewhere [7] . The 3 most discriminatory primers described in that study were used (SP6 promoter sequence, 5 -ATTTAGGTGACACTATAG-3 , M13/pUC reverse sequence, 5 -AGCGGATAACAATTTCACACAGG-3 , and the "histo 3" Photograph of ethidium bromide-stained, ultraviolettransilluminated PCR products after electrophoresis within a 3% agarose gel. Products had been digested with DdeI, with use of the same primers as those used for constructing probe for the Southern blot from between-rDNA repeats (see Materials and Methods). DNA from the PCR reaction had been first purified by Wizard PCR Preps purification system before overnight digestion with 10 U of the restriction endonuclease DdeI. Primers were designed such that the PCR amplicons extended from the 3 end of the 26S rDNA to the 5 end of the 18S rDNA. M indicates molecular weight markers; their corresponding sizes (in bp) are at left. Letters above lanes indicate genotypic groups (table 2) . Ϫ, blank (control).
primer, 5 -AAGCTTGCATTTGTGTTCCTTGATAAGTG-3 ) [7] . The concentrations of the constituents and temperature cycling profile of the PCR fingerprinting method were identical to those described elsewhere [7] . The resultant PCR products were separated through a 2.1% (wt/vol) agarose gel in TAE buffer for 2 h at 10 V/cm and visualized by ultraviolet transillumination after ethidium bromide staining.
Digital images of the resultant PCR fingerprints were captured by use of a charge-coupled device (CCD) camera and the BioImage AQ gel documentation system (BioImage, Ann Arbor, MI). These DNA band patterns were analyzed with BioImage AQ software. The DNA band patterns for each of the strains were matched for percentage similarities by the Dice method with a 2% interband tolerance. Dendrograms were generated from this analysis by the unweighted pair-group method with arithmetic average method [8] .
Strains that had a similarity 185% were considered to be the same, and their PCR fingerprints were reanalyzed after a side-by-side separation on the same agarose gel to confirm identity. Those strains with !85% similarity by use of this method were considered to be unique. Therefore, strains were initially divided into broad genotypic groups by PCR RFLPs and subsequently divided further into types for strains that were identical by PCR with 3 different primers.
To assess the stability of PCR genotypes, 3 randomly chosen strains (V, Gu, and En) were grown in 100 mL of brain-heart infusion broth and incubated at 37ЊC in a shaking incubator. Approximately every 4 days, the cells per milliliter were determined and a sample was inoculated into fresh broth. This process was continued for an estimated 83 doublings. DNA was extracted from the initial and final inoculum, and the PCR fingerprints generated by all 3 primers were compared.
Results

Genotyping.
The genomic RFLP method we used allowed us to distinguish the strains into large genotypic groups. However, considerable difficulty was encountered in consistently extracting enough high-quality chromosomal-length DNA from all of the strains studied. Furthermore, the interpretation of observed minor differences did not allow for confidence in this method. The high degree of similarity of the RFLPs from genomic DNA in all strains studied and with all restriction enzymes used (EcoRI, HindIII, PstI, BglII, CfoI, TaqI, and DdeI) indicates the close genetic similarity of all B. dermititidis strains. It was thought that the adaptation of the published method [7] of probing the rDNA of the genomic RFLPs via Southern blots would allow for clearer discrimination among strains.
Polymorphisms among strains were not revealed by the probes from within-rDNA repeats (probes 1, 2, and 3). This was the case for all restriction endonucleases assessed. However, polymorphisms were observed with the probe constructed from between-rDNA repeats (probe 4). These polymorphisms were most obvious when the restriction endonucleases PstI and BglII were used. Although this resulted in observable and easily interpreted differences, the problem with inadequate high-quality chromosomal-length DNA persisted.
The findings observed for the polymorphisms with probe 4 (between-rDNA repeats) were extended to assess PCR products generated by the same primers used to construct the probe. A PCR assay of high stringency was undertaken, and regions of polymorphism were assessed at sites of recognition by restriction endonucleases. PCR with these primers generated products of ∼5.5 kb. Polymorphisms of these amplicons were observed with a number of restriction endonucleases; the most discriminating was DdeI (figure 1). This resulted in a simple, quick, easily interpreted method for dividing the strains into large genotypic groups, which did not rely on an abundant amount of high-quality DNA. The groups to which the strains were assigned were the same irrespective of which method (genomic probe or PCR RFLP) was used. However, the PCR RFLP method allowed for many strains to be assigned to subgroups rapidly.
DNAs from 8 isolates of B. dermatitidis that had been used in a previous study were made available by E. Keath [7] . PCR RFLP analyses showed that they were separable into the same large genotypic groups that have been described elsewhere [7] , which confirmed the reproducibility and utility of the PCR RFLP method.
PCR fingerprinting of each strain was done multiple times with each of the 3 primers before that strain was assigned identity with another (or multiple) strains (figure 2). The computer analysis generated dendrograms, which were useful in the classification of these strains. However, before final identity was Downloaded from https://academic.oup.com/cid/article-abstract/30/2/328/380455 by guest on 01 February 2019 Figure 2 . Photographs of ethidium bromide-stained, ultraviolet-transilluminated PCR fingerprints of a representative selection of isolates, whose DNA was amplified by use of the SP6 promoter sequence (A) and the "histo 3" primer (B), as described elsewhere [7] . Strains are not in the same order in each gel. Genotypic designations are indicated above the lanes: genotypic group (A, B, or C), genotypic type (1-15), and variant (x, y, or z; see table 2). M indicates molecular weight markers; their corresponding sizes (in bp) are at left. Ϫve, blank (control).
assigned, strains were always analyzed after side-by-side separations, to allow visual comparisons of their similarity.
Neither storage of an isolate, with preparation of DNA at different times after storage, nor the preparation of DNA from different batches of cells of an isolate resulted in changes sufficient to classify the different preparations as nonidentical. Therefore the method was reproducible. In addition, 3 colony morphology variants from a single isolate were identical by this method.
The genotypic groups and types to which strains were assigned are listed in table 2. Strains belonging to the same type within the same group had a PCR fingerprinting profile that was identical for each of the 3 primers used. However, there were 2 minor exceptions. For the 3 strains in group A, type 2 (i.e., F192, F252, and B1562), and 2 strains in group B, type 1 (i.e., 239 and 393), identity with each other and members of the same class was dependent on the PCR fingerprinting primer used. For example, strain F192 is identical to F252 with use of 1 primer (SP6 [7] ), and these 2 strains differ from B1562 by only 1 band. F252 is identical to B1562 when tested with the second primer (M13Puc [7] ), but they differ from strain F192 by 1 band. The third primer (H3 [7] ) showed that all 3 strains were identical. Similarly, strains 239 and 393 vary by only 1 band from other strains in group B, type 1, with use of SP6 primer and M13Puc primer, respectively. The H3 primer showed that all strains in group B, type 1, had identical fingerprints.
The stability of the genotypes was tested by serially passing isolates in vitro. Three isolates were carried through an estimated 83 doublings each, and the prepassage and postpassage isolates were compared. Each of the 3 pairs of isolates were identical by PCR with 3 different primers.
Epidemiology. (table 2; C1-C12). Analysis of these results revealed that all 16 of the isolates from both patients and soil in North America that were in genotypic group A were isolated from a contiguous geographic area of the upper midwestern United States and Canada, whereas none of the strains from the southeastern United States (20) were in this group.
In the largest collection of isolates (16; 14 patients, 2 soil) studied that were cultured from 1 locale (Eagle River, Wisconsin [9] ; isolates were available from patients not included in the original report), 9 patients had genotypically indistinguishable isolates (group A, type 1). Another patient's isolate was also in this group (group A, type 4). Two pairs of patients had indistinguishable isolates (2 patients with group B, type 2, isolates and 2 with group C, type 2, isolates), and 2 patients' isolates were indistinguishable from an environmental isolate from the same locale (group C, type 2). A second environmental isolate from this locale was different from all other strains studied from this site (group B, type 1).
Other geographic associations also are apparent. These suggest that the distribution of the types is not random in the area of endemicity. For example, 5 of 6 isolates from South Carolina are group B, and 3 of these are the same type (group B, type 1). Two of these isolates were from a cluster of cases associated with Traveler's Rest, South Carolina (DiSalvo AF, unpublished data), and both were type B. Another cluster of cases has been reported from Oconto Falls, Wisconsin [2] . Three of these patients had group A isolates and 2 had group C (no group B isolates). Two of the group A isolates were the same type. Three patient isolates came from Chicago, and all were group B; however, a sea lion from Chicago's Brookfield Zoo [10] had a group C isolate. Eight isolates were from Georgia, and 6 of these were in group C (2 were of identical type). Three patient isolates were obtained from Mississippi, and all were group B (2 were the same type). Two of the isolates from India, both patient [11] and bat [12] , were indistinguishable from each other and different from all others. One isolate obtained from Canada and 1 from a Louisiana patient were each a unique type.
There are contrasts to these associations; for example, all 3 African isolates were of different groups. However, all 3 of these came from widely distant areas: Rhodesia (isolate B1562), Zaire (B3003), and South Africa (B1566). The 2 Minnesota and the 2 Kentucky isolates were in different groups. However, we recognize that state boundaries are artificial with respect to the geography of the land; isolates from the same state (where the specific locale of the infection is unknown) may represent a greater geographic distance than 2 isolates from adjacent states and an isolate from a patient in 1 state may represent infection acquired during previous travel to another state. For example, 1 of the isolates (Gu) was from a patient treated in Chicago who was a long-term resident of Elgin, Illinois, which is just outside Chicago but also only 31 miles from the Wisconsin border. Some types also appear broadly dispersed over the area of endemicity; for example, the extreme case, group B, type 1, isolates were found in 3 locations covering the midwestern and southeastern United States.
Discussion
The results of the genomic RFLP analyses reveal the high degree of genetic similarity among isolates of B. dermatitidis from diverse regions. It has been previously shown for other fungi that the observable differences in RFLPs of the cellular DNA are due to differences associated with genes present in large copy numbers, such as those in the ribosomal DNA and mitochondrial DNA [13] [14] [15] . These genome regions have been extensively studied in molecular taxonomic investigations [16] [17] [18] [19] . The genetic similarity among the strains of B. dermatitidis was further supported by the lack of polymorphisms observed when the genomic RFLPs were hybridized with probes constructed from regions within the ribosomal DNA repeats. The only polymorphisms observed among strains in the current study (other than with PCR fingerprinting) were in the regions between the ribosomal DNA repeats. This was demonstrated by the hybridization of genomic RFLPs with a probe from this region and with the results of RFLPs of the amplicons from a PCR designed to amplify this region. The currently studied collection of isolates could be separated into only 3 large genotypic groups.
An extensive review of the literature revealed that only 2 epidemiological investigations have been reported that have used molecular methods. The first assessed isolates from 2 patients who were epidemiologically linked, with control isolates from 2 unrelated patients [20] . That study used EcoRI-digested cellular DNA to generate RFLPs for comparison of the isolates. The control isolates were different from each other as well as from the 2 case isolates, whereas the 2 epidemiologically related case isolates had identical RFLPs. This finding was confirmed by the use of H. capsulatum rDNA as a probe for Southern blots of these EcoRI-generated RFLPs [20] .
A subsequent study [7] extended these findings, by means of both a mitochondrial DNA probe and a ribosomal probe, both derived from H. capsulatum, to assess the RFLPs of 19 patient isolates within one region (Little Rock, AR). This method divided the 19 isolates into 3 large subgroups. A PCR-based method (random-amplified polymorphic DNA PCR or PCR fingerprinting) was used to further subdivide these large subgroups of isolates. This method, which samples genetic diversity throughout the whole genome rather than at restricted single loci, was found to be both reproducible and sensitive. A high degree of variability was observed in the genomes of those clinical B. dermatitidis isolates from a single focal region of endemicity [7] .
The PCR fingerprinting method we used resulted in a very high degree of discrimination among isolates, a finding that confirms the initial report about the use of this technique for B. dermatitidis [7] . This method is an excellent tool for the discrimination of closely related strains, such as identification of the point source in an outbreak. As an example of this, the results of the present study have shown that the soil isolates recovered from Eagle River, Wisconsin, were not responsible for the majority of the cases in this outbreak, as has been previously proposed, and that 11 strain of B. dermatitidis must have been present in the environment associated with this outbreak. The environmental isolates not only had a different PCR fingerprint than did most of the patients' isolates from this outbreak, but also were in a different genotypic group (groups B and C, as opposed to group A for the patient isolates). Therefore, the major strain responsible for the outbreak was not recovered from the environment.
Eagle River [9] , Tomorrow River [21] , and Oconto Falls, Wisconsin [2] , are in a small geographic area. If a triangle is drawn to connect these 3 sites, it would approximate a rightangle triangle with an hypotenuse of only 115 miles (∼190 km). Eleven of the 19 patient isolates from Eagle River and Oconto Falls (a distance of ∼90 miles [150 km]) were of the same type (group A, type 1). Four of the 8 others (and 1 from Tomorrow River) were of another single type (group C, type 2), and 2 of the remainder were another (group B, type 2). Thus, only 3 of the 32 DNA types accounted for 17 of the 19 isolates, and 2 of these accounted for 15 isolates. It is of interest that of the 22 patients' isolates (21 from this triangle, plus 1 other from a Wisconsin patient unrelated to these clusters), 14 were group A, 3 were group B, and 5 were group C. If the 2 patient isolates from the adjacent state of Minnesota are added, the totals would be 15 group A, 4 group B, and 5 group C isolates. This suggests that group A isolates may be uncommon in soil but have a high epidemic potential (particularly group A, type 1, isolates). Evidence that group A isolates can be found in soil at all comes from the isolation of a group A isolate from soil in Canada [22] ; the Canadian area of endemicity for blastomycosis is adjacent to the 2 previously mentioned states. None of the 6 Georgia soil isolates [23] were group A. However, as there were no group A patient isolates from anywhere in the southeastern United States, the rarity of a group A soil isolate in this region is not surprising.
The 2 patients from Mississippi with genotypically identical isolates were not epidemiologically linked, other than their residence in the same state. They came from different regions of the state, and their isolates were obtained in different decades. The finding that they were infected with genotypically identical isolates indicates either that they were infected at the same site or that isolates of this type are present at 11 site in Mississippi.
The results of the PCR fingerprinting suggest that small genealogical distances between isolates can result in genotypic dissimilarity sufficient to call closely related isolates distinct types. A recent report [24] of the extensive 30-year history of particular strains of B. dermatitidis (in murine models) showed that mutant avirulent strains may be derived from previously virulent isolates after storage in the cold or serial in vitro passage and that this loss of virulence was not restored by serial in vivo passage [24] . The recent development of a transformation system in B. dermatitidis [25] is a significant advance in our ability to investigate the mechanisms by which this organism causes disease.
It would be logical to explore the genetic mechanisms of virulence in well-characterized strains that are virulent and their spontaneously arising avirulent mutants; however, the relatedness of these organisms needs to be established first. To assess this, the well-characterized strain ATCC 26199, originally designated SCB-2, isolated in 1970 and shown repeatedly to be virulent in numerous in vivo studies [24] , was included in this study, as was this strain's equally well-characterized avirulent mutant ATCC 60916 [24] . Although these 2 strains were in the same genotypic group (B), each of the 3 methods of analysis we used showed different PCR fingerprints (figure 2). It may well be that extensive genetic changes occurred that caused this strain to lose virulence (ATCC 60916), and these changes are reflected in the variable PCR fingerprints between the 2 derivatives of this strain. Genetic drift [7] , changes associated with colonial phenotype switching [26] , and infection by a virus [27] are perhaps the best explanations of the observed results. Fur-ther investigation is required into the relationship among strains that have been stored for extensive periods and their derivatives so as to clarify this topic.
The nonidentity to DNA type of 2 genealogically related isolates may explain why geographically and temporally related isolates were at times in the same group but not the same type. That is, isolates in adjacent soil areas may have sufficiently diverged to be typed as different. This may explain some of our findings: why 1 of 10 Eagle River isolates was group A but not type 1; 2 of 5 South Carolina group B isolates were not type 1; 1 of 3 Oconto Falls isolates was group A but not type 1; the 3 Chicago patient isolates were the same group but not of the same type; the Georgia patient isolates were group C but not the same type as the 4 of 6 Georgia soil isolates that were group C; the 2 Traveler's Rest isolates (both group B) were of different types; and 1 of the 3 Mississippi patient isolates (all group B) was a different type.
It is of interest that 2 of the isolates (Ha and Gu) had also been indicated previously to be grouped, according to a proposed typing system that relied on a number of phenotypic characteristics [26] , whereas 2 other isolates (MCG-1 and V) in the same genotypic group (B) appeared distinct by phenotyping [26] . Two genealogically related isolates in the study were also differentiated by phenotypic characteristics [26] .
In mating studies of B. dermatitidis, it was shown that only 1 species of the organism exists in North America and that African isolates also belong to the same species [1] . This has been supported by a recent study that assessed enzymatic activity profiles for the purpose of biotyping clinical isolates from patients with blastomycosis and found that this method tended to class together, rather than distinguish, the African and North American variants of B. dermatitidis [28] . However, earlier studies that assessed both antigenicity [5, 29] and genetic crosses [1, 30] reported that although the African isolates may be closely related to the North American isolates, they are not unequivocally the same species, and later studies [31] concluded that they were different. DNA reassociation studies [32] also suggested differences but relied on 1 African strain of North African origin. Our genotyping studies support the studies that classed the variants together. However, many more non-North American isolates need to be studied before conclusions can be made about global genetic distribution of this organism.
It appears that for the comparison of isolates from diverse regions, the use of the PCR RFLP method allows the division of isolates into broad genotypic groups rapidly and precisely. These 3 genotypic groups may well represent important variation within the species of B. dermatitidis, which could include difference in mating type, differences in adaptation of the organism to different ecological niches, or perhaps variations important to virulence and human infection. An intriguing observation in the present study is the association of 1 group of isolates (A) with only part of the contiguous area that delimits the geographic area of endemicity of this fungus in North America. The present study also indicates there are smaller areas within the broad area of endemicity where members of some groups predominate. These findings provide data for speculation relative to the importance of clonal dissemination versus sexual reproduction for this organism in nature.
This study provides simplification and verification of an extremely sensitive tool for the epidemiological investigation of clustered cases of blastomycosis and sheds light on the genetic diversity observed with this important fungal pathogen.
